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COST ANALYSIS OF HOME CANNING 
INTRODUCTION 
•Does home canning pay?* This is the question which 
the rural homemaker is asking herself at the present time. 
Because of the present economic conditions, the word 
•economy* has become a by-word in the average home, compelling 
the homemakers to devise new methods and to revise old 
processes in certain household practices in order to stay 
within their budgets. In view of the importance of this 
problem, a study was made at the Massachusetts State College 
on the cost of home canning, one of the many practices per¬ 
formed in the home. The object of this investigation was to 
aid the home canners in the realization of the relative costs 
of their efforts; thus, allowing them to make a comparison 
for themselves as to which is less expensive, home or 
commercially canned products. 
Despite the fact that this analysis attempts to show the 
costs of home canning, one must realize that there are many 
variable conditions which cannot be stabilized. The costs of 
raw materials, for example, are controlled essentially by 
(a) the section of the country, (b) present crop yield as 
well as present market conditions, and (c) the season of the 
year in which the products are to be canned. In regard to 
equipment used in home canning (cooking utensils not included) 
the costs of these articles will vary only as the different 
-2- 
market areas vary in prices, this difference is usually 
dependent on the distance from the source of production. 
Fuel costs also vary as to the locality. Thus, this analysis 
can serve only as an aid and not as a strict criterion of 
cost8. 
REVIEW OF LITERATURE 
The World War emphasized the use of home canning as an 
apparent means of saving of food costs in the home. However, 
no investigations were conducted as to the costs of this 
method of food preservation until Woodbury (1919) made a study 
of home canning costs of that year. According to this work 
reported, costs of canning varied from four to twenty-three 
cents per jar, though this did not include the cost of labor 
involved in the work. This analysis was very complete, 
including a comparison of similar commercially canned products 
with that of home canned products. 
Since this work was one of the first to be completed, it 
has been utilized in various textbooks as standard. Cole and 
Ghenoweth (1938) found in their determinations of costs and 
values for home canning, that tomatoes, without labor or 
material costs included, could be canned at approximately four 
and one-half cents per pint jar. 
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Chenoweth (1930) found the fuel consumption for canning 
of sweet corn, berries, and asparagus. In regard to the different 
utensils to be used on electric ranges, Monroe (1938) published 
a report on the evaluation of certain factors affecting the 
cost of using utensils on electric heating units. In this 
respect, it was found that the extent of the area of contact 
between the utensil and the heating unit, materially affected 
the time and costs of heating more than any other factor. 
Sater (1936) conducted investigations on home canning 
cost8 which were more complete than any other which was 
reviewed. This report contained a fuel cost study which 
included such fuels as electricity and oil, and a chart of 
calculated amounts of different fuels based on the electric 
energy actually used in the various tests made. This worker 
found that the open kettle method of canning had a lower cost 
of application than did the one which was employed in this 
present study, namely the "cold-pack’1 method. On the average, 
it was found in this investigation that the home canning costs 
were approximately five to six cents per container. 
Haddock (1933) completed work on the value of oven canning 
but results indicated excessively high costs by this method 
of canning. 
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EXPERIMENTAL PROCEDURE 
The analysis of the cost of home canning was begun in 
the summer of 1938 at a time when the vegetables and fruits 
employed in the tests were in season in this locality. The 
products which were included in the tests were chosen because 
they represented the different groups of home canned products 
which require similar amounts of labor and of fuel. These 
vegetables and fruits were tomatoes, peaches, green beans, 
wax beans, spinach, and corn. 
Standard equipment, usually found in any home, was 
employed to make this analysis possible (Plate 1). For 
containers, new lightning type, glass, pint jars were used, 
thus reducing the possibility of adjustments being necessary, 
such as the tightening of the bales, as would often be found 
in old canning jars. Rubber rings of a standard make were 
used, the same as any type that can be purchased in a local 
store. 
Since this work involved both pressure cooker canning 
and water bath canning, a standard six pint pressure cooker 
and an ordinary six pint water bath kettle were employed in 
sterilizing the various products. In order to compute the 
accurate amount of labor employed to prepare the materials, 
there were no time saving devices used, such as a bean cutter, 
or a corn cutter. The work was typical of that which would 
be carried out in the home to prepare materials for canning. 
Plate 1. Canning utensils employed in cost analysis of 
home canning; containers (glass pint jars), pressure cooker, 
water bath and rack, and oil stove. 
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Threc methods of heat application were used in this 
inveotigation; oil, gas, and electricity* For an oil stove, 
a small two-burner range was considered satisfactory for the 
tests, the stove having a gallon container for an oil supply 
which enabled one to keep an accurate account of the fuel 
burned. The wicks of each range were cleaned upon the com¬ 
pletion of every process for in this manner maximum efficiency 
was obtained from the consumed fuel. For ga6 and electric 
stoves, the combination range or burner, and oven type of 
stoves were used throughout the experiment. These both had 
four large burners, or plates in the case of the electric 
stove. The electric burner was the standard type consuming 
an hourly rate of 2.1 kilowatts. To both of these stoves 
was connected a separate meter to give accurate readings as to 
the amount of fuel consumed during the heating periods. The 
stoves were employed only for the use in this work, thus 
insuring no additional gas or electAcity being consumed for 
any other purpose. 
Any other equipment which was employed in making this 
cost analysis was only of the type which would be found in 
the average home. 
Following the standard methods advised by Cole and 
Chenoweth (1938), the products were canned in six pint batches. 
The raw materials were all prepared as directed in the recipes 
of this bulletin. For the peaches, a thirty percent syrup 
was employed; other than that, nothing was added to the jars 
-6— 
except the usual one-half teaspoonful of salt per pint to the 
vegetables, and any necessary water to give liquid to the jars. 
In the preparation of the food, home methods were followed 
quite closely and no short-cut methods were eaploued at any 
time. 
Accurate recordings were made as to the amount of fuel 
consumed and to the amount of labor expended in the various 
canning procedures. The gas and electric ranges had meters 
connected which allowed for precise computation of the actual 
amount of fuel consumed either in blanching or sterilization 
periods. As there was no exact means of determining the 
amount of fuel consumed in the oil stove for blanching, this 
part of the preparation was included in the sterilization 
period. In this manner, the experimental error was reduced. 
The amount of labor involved in the tests were based on the 
preparation of the fruits and vegetables, not considering 
the processing period as pert of the true costs of labor for 
home canning. 
The "cold-pack* method of canning was used for it is 
merely the preparation and blanching of the food material, 
packed into the containers, and processed for the length of 
time suitable to the particular material which is being 
canned. Two types of sterilization were employed, the 
water bath and the pressure cooker. In the sterilization. 
-7- 
the jars were fully sealed as recommended by Fellers, 
Maclinn and Levine (1937). The results obtained in this 
test confirmed those of these investigators in that there 
was less breakage of glass jars as well as less loss of liquid 
which is encountered during the processing of jars which are 
not completely sealed. The various processing times were 
as follows: 
Product_Water Bath_Pressure at 10 lbs. 
minutes minutes 
Peaches 25 
Tomatoes 30 
Beans-wax and green 100 35 
Corn 160 60 
Spinach 100 35 
Carrots 90 30 
From this experimental work, the cost analysis of home 
canning can easily be made. Table 1 shows the total fuel 
consumption of oil, gas, and electricity, total fuel cost, 
and fuel cost per pint jar. This table also includes the 
comparison costs of canning by the pressure cooker and 
water bath. The basic rates for the electricity and oil were 
computed as of Amherst. Gas rates were those of Greater 
Boston. However, since the rates for gas, oil, and electricity 
vary as to the locality, these charts also contain the amount 
of fuel consumed in the various canning procedures. Thus, 
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the rates of any community can he substituted for those used 
in this analysis. 
In Table 2 there is a comparison of the labor costs for 
the preparation and packing of fruits and vegetables for can¬ 
ning. Several home canners aided in the determination of 
the actual labor hours involved in the canning of these fruits 
and vegetables. The Work3 Progress Administration cannery 
of West Springfield, Massachusetts, also aided in this 
calculation. However, because of the wide discrepancy in the 
figures obtained from these sources, the laboratory time for 
labor was employed in calculating this cost. The value of 
the labor involved was arbitrarily chosen at $.40 per hour. 
In this chart also, is the yield in pints of each bushel of 
product. Thus, from the figures obtained in this manner, 
the labor cost per pint jar could be easily determined. 
As a conclusion. Table 3 gives the total costs of home 
canning per pint jar. The material costs were determined 
from a six year average price per bushel which was obtained 
from the daily reports in the Boston wholesale produce 
market. From this average price, the cost per pint was 
determined from the pint jar yield from a bushel (Table 2). 
Container cost was based on one-fourth the selling price 
in the local stores. Labor costs (Table 2) were difficult 
to determine for as far as a homemaker is concerned, this 
rate would vary, depending entirely on the homemaker1s 
Table 2. Labor Costs for Preparation and Packing of 
Fruits and Vegetables for Canning 
Product 
Labor time 
per bushel 
Labor cost 
per bushel* 
Yield per 
bushel 
Labor cost per 
pint jar 
hour 8 cents pints cents 
Peaches 2.00 80.00 36 2.20 
Tomatoes 1.50 60.00 35 1.70 
Beane 3.00 80.00 25 3.20 
Com 2.00 80.00 12 6.60 
Spinach 1.00 40.00 7 5.71 
Carrot8 2.50 100.00 40 2.50 
* Labor cost at 40 cents per hour 
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Explanation of Chart 3 
Gas rates were based on those used in the Greater 
Boston area and were computed at $1.35 per 1000 cubic feet. 
Electricity and oil rates were based on those as in 
Amherst at |.03 per kilowatt for electricity and $.13 per 
gallon for oil. 
Container costs were calculated at one-fourth the 
first year price of the jars plus one cent for a jar ring. 
Total price for the container and ring is $03. 
Labor costs were based on the rate of $.40 per hour. 
In order to obtain the cost per pint for labor, the yield 
per bushel of the various fruits and vegetables was divided 
into the cost of labor per bushel for each product. 
Material costs are a result of averages obtained by 
the use of the daily market quotations of the Boston whole¬ 
sale produoe market for the past six years. An arithmetic 
average was taken of the daily prices for the various fruits 
and vegetables to give a yearly price average. These yearly 
prices for each product were then averaged by means of the 
geometric method, which is the method suggested for the 
taking of an average of another average. 
-9- 
opinion as to the value of her work. However, Table 3 gives 
the cost per pint jar on all of the canning costs which by 
necessity, were set at arbitrary rates. 
EXPERIMENTAL RESULTS 
From these results, it can easily be seen that it is 
very inexpensive to do home canning. Woodbury (1919) appears 
high in his actual costs of canning as compared with the 
facts brought about in this investigation. He reveals only 
the amounts of the final costs, including the material costs, 
whereas in the present work, the individual as well as the 
whole and final costs are given. 
Cole and Chenoweth (1938) had rather high values in 
regard to their work on tomatoes. Their investigation tended 
to prove that tomatoes cost, excluding the material and labor 
costs, 4.5 cents per jar, which was higher even with the use 
of electricity in the results obtained in this experiment. 
Chenoweth (1930) in his investigations claims high gas 
consumption per jar. The amount of gas which he used in 
hi8 work for berries would be almost equivalent to the amount 
which was used in this present investigation for corn, the 
former having a twenty minute process and the latter vegetable 
having a 160 minute process. 
However, the experiments of Sater (1936) agree very well 
with the results of this paper. In this recent investigation , 
-10' 
costs of electricity were double that of gas and oil, the 
latter two fuele costing approximately the same. In Sater*s 
work, too, the amounts of fuel consumed are comparable in 
regard to the same processing periods. There were apparent 
outstanding differences in his results as compared with the 
ones presented in this thesis. 
Unfortunately, there does not seem to be any available 
material, on the labor costs of home canning; but, since this 
is such a variable matter, and since a great many homemakers 
consider this part of housework or as a recreation, it can 
be understood why this lack of material is present. 
From the results of the work of Haddock (1933), it can 
be easily seen that it is far less expensive to can, as far 
as fuel consumption is concerned, by either the water bath 
method or pressure cooker method than it is by the oven 
method of canning. 
SUMMARY 
1. A cost analysis was made of home canning under 
conditions which simulated those experienced in actual 
practice. In this analysis charges for materials, fuel, 
labor, and cost of containers were recorded. 
2. Electricity as a fuel for canning was found to be 
about twice as costly as either gas or oil. Processing in a 
pressure cooker was found to be more efficient from a fuel 
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cost standpoint than processing in a water hath. The expend¬ 
iture of electricity, gas, or oil was reduced about 50 percent 
when the processing was done under pressure. 
3. When gas or oil were employed as the source of heat, 
container and fuel costs amounted to less than five cents 
per unit. These costs were between four and six cents per 
pint when electricity was used. 
4. Labor, fuel, and container costs for beans, tomatoes, 
peaches, and carrots were from six to eight cents per pint 
jar. Corn and spinach cost between nine and thirteen cents 
per pint. These figures do not include the cost of raw 
materials. 
5. Including all costs of canning, it can be seen that it 
is very inexpensive to can at home. Corn and Spinach had 
high total costs per jar, but this was mainly caused by a 
high cost of labor. Tomatoes, it was found, could be canned 
for a little over eight cents per jar. Other fruits and 
vegetables had a correspondingly low cost for home canning. 
-12- 
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THE ACIDIFICATION OF NON-ACID VEGETABLES IN ORDER TO 
REDUCE THE THERMAL TREATMENT NECESSARY FOR PRESERVATION 
-13- 
INTRODUCTION 
The long period of sterilization of non-acid vegetables 
has created a hardship on the home canner, yet because of the 
danger of spoilage, there is no common practice which will 
allow this period to be shortened. The present methods of 
processing vegetables for a long period of time at a high 
temperature results in a high cost of fuel as well as causing 
injury to the texture, flavor, and color of the canned 
products. But, the fact remains that this long period is 
necessary to destroy the heat resistant organisms which are 
so commonly found in the raw materials intended for canning. 
Since it is known that a long heating period is necessary 
to sterilize many of the commonly canned vegetables, it 
might be possible by the addition of some substance to 
materially reduce this long processing time. It is known, 
too, that vegetables and fruits of high acidity require less 
time of sterilization than do those materials which are not 
so high in the acid content. From this, one might conclude 
that to reduce the long period of sterilization would be 
simply to add acid to the products to be canned before the 
heating period begins. 
However, previous work by many investigators do not 
confirm this statement. It has been found that there is con¬ 
siderable variation in the effects of added acid upon the 
various vegetables. The pH value of the products in the jars 
influences greatly the amount of sterilization necessary for 
any one particular product. The matter of an acid affecting 
the taste of a canned product has also been considered. 
Thus, this investigation began with the determination 
of any changes, using varying amounts of acids in the pH 
value and in the tasting of the canned products. From this 
M. 
data, the proper amount of acid added to each pint jar was 
obtained. By using this amount of acid In each pint jar and 
having artificial spoilage conditions present, the length of 
necessary sterilization of the non-acid vegetables was 
determined. 
REVIEW OF LITERATURE 
The factor of acidification of canned vegetables, in 
order to reduce the sterilization period, is not new for it 
was as early as 1916 that Cruess started to aid canners in 
this problem. The results of his work showed that artichokes 
asparagus, beets, peas, pubpkins, string beans, and turnips 
canned in a brine, which was acidified by lemon juice to 
the extent of four to six ounces per gallon and was processed 
for one hour at 100° 0., kept for a year. The same type of 
vegetables canned in a similar manner, except that no acid 
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was added to the jars, spoiled within a year. Cruess (1916) 
did not inoculate any of the jars with heat resistant 
spoilage organisms, yet the results are satisfactory in 
that the jars which had no acid added to them all spoiled. 
The pathogenic, anaerobic, spoilage organism. 
Bacillus botullnus was used in many experiments carried on 
by different investigators. Dickson, Burke, and Ward (1917), 
using spores of this organism found that a brine containing 
five percent lemon juice did not inhibit the development of 
a virulent toxin when temperature conditions were satis¬ 
factory. However, when the spores were exposed to the 
action of boiling water for one hour, they found that the 
spores were completely destroyed in a mixture of lemon 
juice of not more than two percent. In the controls which 
were not acidified, but which were heated for one hour in 
boiling water, growth of Bacillus botulinus with a strong 
toxin was produced* 
In other investigations, Weiss (1921) determined the 
pH value on the death point of Bacillus botulinus. In this 
work, eleven different food juices were heated to 100° 0., 
inoculated with spores of Bacillus botulinus, from which 
was determined that a pH range of 2.1 to 3.81 killed the 
spores in less than 50 minutes, that a pH range of 4.22 to 
4.4 killed the spores in less than 60 to 90 minutes, that a 
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pH range of 5.13 to 5.36 killed the spores In 90 minutes to 
120 minutes, and that a pH range of 5.69 to 6.21 killed the 
spores in 150 to 180 minutes. 
In later work on Bacillus botulinus spores in food 
products, Dickson, Beck, Burke, Johnston, and King (1922) 
determined that at corresponding pH values, there seemed 
to be very little difference in the effect of the different 
acids upon this organism^ death rate. As to the change of 
the pH value during the processing of canned foods, Bigelow 
and Cathcart (1921) found that this value decreased slightly 
in most cases during the sterilization of canned foods. 
Bigelow and Esty (1920) found the time at various 
temperatures necessary to kill heat resistant thermophiles 
in juices obtained commercially canned vegetables. At 100° 0. 
these thermophiles were killed in pea juioe of a pH of 5.3 
in 1020 minutes, in corn juice of a pH of 6.1 in 1200 minutes, 
in string bean juice of a pH of 5.0 in 360 minutes, in spinach 
juice of a pH of 5.0 in 210 minutes, and in beet juice of a 
pH of 4.7 in 210 minutes. Other vegetable juices were 
employed with similar results as found in these vegetables 
given above. 
In a book on HOME AND FARM FOOD PRESERVATION, Cruess 
(1918), advises the use of lemon juice or vinegar as the most 
satisfactory method of home canning. It was recommended to 
use four ounces of lemon juice per gallon of brine for 
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vegetables, the brine being discarded upon the opening of 
the cans, and the product cooked in fresh water, 
Glasgow and Skinner (1920) revealed further that the 
addition of two tablespoons of a four percent vinegar per 
quart of brine reduced the time necessary for sterilization 
of canned asparagus. 
Cruess, Fond, and Liu (1925) completed more work on 
this problem. They believe that acidification of canned 
vegetables will aid in home canning, but that as far as 
factory conditions are concerned, this system of sterili¬ 
zation would be too difficult for all practical purposes. 
In this investigation, it was also found that brines of a 
low pH at the start decreased in pH value during the 
processing by heat. This, they believed, was caused by the 
action of buffer substances dissolved from the vegetables. 
Marsh (1938) furthered the information presented by 
Gruess (1925) on the buffering action of non-acid vegetables 
in his investigation. From this, it was determined that 
in the increase in pH value of acidified brines during the 
canning of non-acid vegetables, the change in pH value is 
less with acetic acid brines than with the same limited acid 
concentration of citric acid. Marsh also stated that a 
definite loss of acid occurred from the vegetables with 
acidified brines when these are canned. It was believed 
that this loss #is involved In adsorption reactions with 
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the colloidal systems of the vegetables tissues. The total 
buffer effect noted, however, cannot be ascribed to any 
single substance or system but is complex in nature.” 
Oruess (1932) reviewed his work on acidification of 
non-acid vegetables which he completed in 1926. At this time 
the conclusion was reached, that providing the pH of the 
canned good reached a value of 4.8 or less, the product 
would keep even if heavily inoculated with heat resistant 
organisms and then processed in a water bath of a temperature 
of 100° C. 
Sunderlin, Nelson, and Levine (1928) found in a study 
of home canning that by the use of citric acid and phosphoric 
acid, the rate of spoilage of canned non-acid vegetables was 
very low, and that decreases in processing times might be 
possible through the use of these acids. Their results 
showed a possible decrease in the processing of corn of 50 
percent, and of almost an equivalent amount in swiss chard 
and green beans. 
EXPERIMENTAL PROCEDURE 
The review of literature shows that there has been 
considerable work accomplished by several laboratories on 
the acidification of non-acid vegetables in an attempt to 
reduce the sterilization periods; btt, it was felt in this 
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laboratory that the work finished by other investigators 
was not complete enough to suggest to the home canners 
new methods of processing. There have been a great many 
studies made of the importance of the pH value on the 
death point of heat resistant organisms, but Cruess (1916) 
in California was the first to attempt to correlate this 
material in usage on canning vegetables. 
Since the work was for home canners use, and not the 
commercial canning industry, home canning methods, as 
suggested by Cole and Chenoweth (1938) were employed at 
all times. An ordinary hot water bath (temp, of 100° C.) 
was the means for the application of heat for sterilization. 
The vegetables chosen for this experiment were typical 
of those which are canned by the majority of home canners, 
namely, wax beans, green beans, corn, spinach, and carrots. 
Each product was prepared in the usual manner, consisting 
of preparation for oanning, blanching, and processing. 
The following table gives the amount of time required for 
the blanching and processing procedures in this first part 
of the investigation: 
Vegetable Time of blanch Time of process 
(100° 0.)(100° o.) 
minutes minutes 
Beans-wax end green 3-5 100 
Carrots 3-5 90 
Corn 3—5 160 
Spinach 3-5 100 
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Lightning type pint jars were employed, this being the 
most popular container for home canning in Massachusetts, 
To each jar of material was added the regular amount of salt, 
one half teaspoonful per pint jar. Hot water was also added 
to each jar to within one-half inch of the top of the 
sealing surface, after the jar had been filled, with the 
product which was to be canned. 
In the initial part, four types of acid were added to 
the jars in varying amounts, the acids being citric, distilled 
vinegar, common vinegar, and lemon juice. The object of 
varying the amounts was to determine the difference, if any, 
in pH value after processing; and also, as a secondary test, 
to see if this addition of acid had any off-flavor effects. 
Fifty-two jars of each vegetable were canned with the different 
acids added to them in the following manner: 
Distilled vinegar - 3 jars with 0.5 teasp. acid added 
3 jar8 with 1.0 teasp. acid added 
3 jars with 1.5 teasp. acid added 
Controls - 4 jars with nothing added to them. 
This same outline was followed for citric acid, vinegar, 
lemon juice as well as the one given above, distilled 
vinegar. A four percent solution of citrio acid, vinegar, 
and distilled vinegar was used. Lemon juice was added in 
its original strength. These first three acid solutions were 
ell carefully standardized and checked by the titration 
method, though there was no test made on the acidity per¬ 
centage of lemon juice. 
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After a storage period of three months, the jars were 
opened and tested for the changes in pH value and in taste. 
The taste test was made by group introspection rather than 
the more exact technic of individual studies. A group of 
twenty-one people were given the products to taste, without 
receiving any definite instructions as to the effect of any 
change in the products. After this test was completed, 
another one was given in which the group was told as to 
what had been added to the canned vegetables. In this 
manner, the factor of imagination, which is always 
prevalent in such test6, was controlled as much as possible 
by this group introspection method. 
The conclusions which can be obtained from this test 
show that for the most part, all the acids could be tasted 
when 1.5 teaspoonsful was added but not when one teaspoonful 
was used. There was no doubt as to which were the better 
ones of the group for both the lemon juice and the cider 
vinegar in all concentrations made the products H flat" 
tasting. This work was further substantiated by Zajchowski 
(1339) in an investigation carried on at this department 
for honors work. In his work, citric, phosphoric, and 
tartaric acids were used in varying amounts and the results 
of his taste threshold were similar to those found in the 
present investigation. 
Table 1. shows the pH changes in the products canned 
with added aoids. As Cruess, Fong, and Liu (1935) found in 
t 
Table 1. Effect of Added Acids on the pH of Non-acid 
Vegetables During Processing 
Acid . .. 
Quantity 
Added Corn 
Green 
Beans 
Wax 
Beans Carrots Spinach 
teasp. PH pH PH pH PH 
Control - 6.20 5.30 5.30 5.20 5.10 
Cider Vinegar(4$) 0.5 5.95 5.00 4.97 4.85 4.90 
* « 1.0 5.85 4.85 4.85 4.65 4.80 
» M 1.5 5.75 4.75 4.75 4.60 4.68 
Distilled Vinegar 
(40 0.5 5.91 4.95 4.95 4.80 4.90 
H II 1.0 5.90 4.80 4.90 4.75 4.85 
N If 1.5 5.78 4.75 4.70 4.65 4.72 
Citric Acid (4$) 0.5 5.85 4.90 4.95 4.85 4.85 
II H 1.0 5.75 4.81 4.82 4.75 4.80 
II N 1.5 5.70 4.70 4.70 4.67 4.75 
Lemon Juice 0.5 5.89 4.85 4.92 4.80 4.71 
n H 1.0 5.77 4.80 4.79 4.70 4.70 
H M 1.5 5.63 4.65 4.65 4.55 4.50 N
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work of a 8imilar nature, the change in the pH value during 
the processing period is about the same with citric and 
lemon juice. It was found that lemon juice reduced the pH 
value greater than any of the other three added acids. 
Cider vinegar, distilled vinegar, and citric acid, when 
added to the non-acid vegetables, reduced the pH value in 
approximately the same amounts. For every one-half teaspoonful 
of these added acids, it was found that the value was reduced 
approximately one-tenth of a pH. 
The pH values were determined by the Beckman type glass 
electrode at a temperature of 25° 0., the electrodes being 
checked against standard buffer solutions, and thoroughly 
washed with distilled water before attempting to determine 
the hydrogen ion concentration of the next sample. The 
pronounced buffering effect, which was described by Marsh 
(1938) was noted in these non-acid vegetables towards any 
added acid. It is evident that varieties of non-acid 
vegetables must play an important part on the hydrogen ion 
concentration also, for it was noted that in different 
investigations carried on in this work, the pH value for 
control jars was not the same in all reports. 
The results of this investigation shows that it is 
possible to reduce the pH value down to 4.8 as suggested by 
Cruess (1932), yet it would not re<juire enough acid to give 
the food a slight off-flavor. Whether or not this would be 
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enough to prevent the products from spoiling was determined 
in the second part of the present experiment. It was found 
that since vegetables do have this buffering effect when 
acid is added to the jars, that more acid than was used in 
this work could be added to reduce the pH value to a 
considerable extent. Yet, the acid could not be detected 
if, in the preparation for serving, the liquid of the product 
from the jar was discarded and clean water substituted during 
the heating of the material for consumption. Since all 
home canned non-acid vegetables should be heated to a 
boiling temperature before serving, as a safety factor, 
this method might be applicable, and would further reduce 
the necessary sterilization period. However, should this 
method be advised, there would be some loss of nutrient 
material which ordinarily would be found in the liquid of 
the canned material. Adding of acid, however, has its 
beneficial effects for Farrell (1939) found that vitamin B 
was retained during processing if acid in small dilutions 
was added before the sterilization process. 
To determine the safety of adding acid in order to 
reduce the period of sterilization, jars of string beans, 
wax beans, carrots, and spinach which had been inoculated 
with bacterial spores, were canned. The amount of acid 
which was added was 1.25 teaspoonfuls of a four percent 
distilled vinegar solution, and 1.25 teas£oonfuls of citric 
acid solution, also of four percents The organisms employed 
in the tests were obtained from Dr. E. J. Cameron of the 
National Canners Association Research Laboratory, and were 
of two types. The first was a putrefactive, anaerobic spore 
suspended in a phosphate solution at a pH of 7.0. The heat 
resistance of these spores was 15 to 17 minutes at a tem¬ 
perature of 115° C., the optimum temperature for growth of 
these organisms being 37° C. The other organism was a 
thermophilic spore, also in a phosphate solution of a pH of 
7.0, having a heat resistance of 20 to 25 minutes at 115° C., 
and the optimum temperature for growth being 55° C. These 
organisms were tested for viability by inoculating one cubic 
centimeter of a 1-100 suspension into commercially canned 
beans, carrots, and spinach, then storing these cans under 
optimum conditions. All the cans produced swelling and 
showed spoilage within five days. The cans were sealed 
immediately after the inoculation, the method for inoculation 
being the standard practice employed in bacteriological 
laboratories. 
Forty-four jars of the four non-acid vegetables used 
in this final test were canned, after having acid and organisms 
added to them. Corh was not used in this last test because of 
the inability to procure this vegetable at the time the 
test was being conducted. The jars were processed in the 
water bath at 100° 0. for varying lengths of time, depending 
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upon the vegetables in question. The periods employed for 
the wax beans, green beans, and spinach were 45 minutes, 60 
minutes, 75 minutes, and 85 minutes; for carrots, the periods 
employed for processing were 35 minutes, 50 minutes, 65 
minutes, and 80 mimtes. There were 11 pint jars used for 
each processing period: one jar had no added acid or organisms; 
two jars were inoculated, one with the thermophilic spore 
and the other with the anaerobic spore; four had 1.25 tea- 
spoonsful of citric acid added to each, two of which were 
inoculated with the thermophilio spore and the two remaining 
with the anaerobic spore; the last four had 1.25 teaspoonsful 
of distilled vinegar added to them and were inoculated in the 
same manner as those processed with citric acid. The jars 
after being processed at 100° C. for these varying times, 
were immediately put into storage for a period of two months. 
The storage consisted of dividing the entire group of products 
into two similar parts as regard to contents, one group being 
stored at approximately room temperature or 37.5° C., and 
the other group being stored in a temperature of between 
45° and 55<> C. 
At the end of the storage period, the jars were examined 
for any visible means of spoilage. These results will be 
found in Table 2. For the most part, there was very little 
spoilage of jars to which had been added the 1.25 teaspoonsful 
of acid. Two jars of green beans spoiled at 37° 0. for 
both the anaerobic and thermophilic spores when distilled 
Table 2. Effect of Added Acid on Various Processing Periods 
of Son-acid Vegetables on Spoilage Bacteria 
Temperature in Degrees Centigrade 
Spin a oh 
Time of Distilled vinegar Citric acid Ko acid $o acid 
Prooees 
finutes 
An* 
37° 56° 
Therm.^ 
37® 65° 
An- 
376 
Therm. 
56° 37° 56 
An. 
376 66° 
Therm. 
37° 66° 37° 66° 
45 4 4 7 b t 7 7 - - «» - 
60 b t b t 7 7 4 7 - - - - 
75 b 7 b 4 b f t b - - - 4 
85 b f b f b b 4 f 4 - b 4 4 7 
Carrots 
35 t f f t b b 7 b - - - - «* 
50 f b b 4 4 b b 4 • - «■» «• as • 
65 r 7 b t 4 b 7 7 b as 7 7 b 7 
75 t /' b b t b b b b 4 b 7 4 
Oreen Beans 
45 
- 
4 - 4 7 b b b - • - - - 
60 t f b r f b b > - - .as - 4W 
76 f 7 4 b b b b - • - - b 
86 t 7 b b b b 7 4 b- - - 7 b b 
Y/ax Beans 
45 7 b 7 b - t 7 b - - «• 
60 4 b b b b b b 4 - - ee • - 
75 b f 4 + 7 b 7 4 - - 7 - 7 7 
86 t b b 7 7 b 7 4 b b b 7 4 7 
An* - Anaerobic spore 
Therm. - Thermophilic 
forming bacteria 
spore forming ba 
(heat resistant) 
oteria (heat resistant) 
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vinegar had been added to the jars. One jar of carrots 
spoiled using citric acid and again the anaerobic spore at 
370 C. None of the jars of spinach spoiled to which had 
been added the acid, and this was true also of the carrots. 
This spoilage all occurred in the lowest processed jars of 
the different non-acid vegetables. However, as far as the 
controls are concerned, those which.had been inoculated and 
those which had not, most of these spoiled in all of the 
vegetables, at both temperatures, and at all times except in 
the greatest period of sterilization. There are one or two 
exceptions in carrots and wax beans which did have one or 
two jars that did not spoil in the third period of processing. 
In order to determine the amount of hdat to which these 
jars were subjected, a heat penetration study was made on 
the nonr-acid vegetables during their processing periods. 
The results of this determination is found in Graphs 1 and 2. 
Graph 1 shows the standardization of the equipment by means 
of an oil bath and a Bureau of Standards calibrated ther¬ 
mometer. Graph 2 shows that spinach took the greatest 
length of time for heat penetration, and that carrots and 
beans took approximately the same amount of time. 
From this study, it is probable that the processing 
period could be reduced to some degree if one so desired. 
The results show that a 25 percent decrease in the period of 
sterilization is permissable in these non-acid vegetables 
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which were canned. These tests were conducted for the home 
canner and therefore, were made by the use of the water bath 
for processing. Further tests should be made which would 
include the pressure cooker as well as a study of the reaction 
P^ the Bacillus botulinus in tests made to reduce the pro¬ 
cessing time by the use of added acids. It was noted, that 
l 
the color of vegetables improved somewhat by the addition 
os acid before processing with the exception of spinach, 
which turned an olive green color at the top of the jar. 
EXPERIMENTAL RESULTS 
It was found in this investigation that the addition 
of weak organic acids to non-acid vegetables would materially 
reduce the therman treatment necessary for preservation in 
home canning. Work from other laboratories tend to agree 
with the results which were obtained in this present study. 
Oruess (1916) suggested that the usd of lemon juice in approxi¬ 
mately the same amount as in this present work, would prevent 
the spoilage of a number of non-aoid vegetables in one hour 
processing. On the basis of his work in latdr years on the 
seme subject, the state of California now insists that in the 
canning of artichokes an acidified brine be used. 
Glasgow and Skinner (1920) later substantiated this 
report with the use of asparagus canned in a brine acidified 
with a four percent vinegar solution. 
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Sunderlin, Nelson, and Levine (1928) found that the 
acidification of corn and asparagus reduced the processing 
time by one hour (based on the three hour process in water 
bath for corn and asparagus). This report further stated 
that there was no spoilage of green beans acidified with 
citric acid and processed for a period of one hour. This 
was true of Swiss chard also. These results give added 
weight to those of the present investigation for the same 
conditions were found here in the canning of green beans and 
spinach. 
The action of buffer substances as described by Marsh 
(1938) and Cruess, Fong, and Liu (1925) was noted in this 
investigation. Cruess (1932) believed that a pH value of 
4.8 or lower was sufficient to keep non-acid vegetables and 
the results of this investigation will show that a reduction 
in the period of processing is permissable if the pH goes 
lower than 4.8. 
SUMMARY 
1. An investigation was conducted to determine the 
effect of adding acids to corn, beans, carrots, and spinach 
for the purpose of reducing the time of processing of these 
non—acid vegetables in a water bath. Four percent solution 
of distilled vinegar, cider vinegar, citric acid, and 
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straight lemon juice of approximately five percent acidity, 
were used, 
3, By employing the introspective group method for 
determining a taste threshold, it was found that the addition 
of one and one-quarter teaspoonsful of distilled vinegar or 
citric acid to a pint jar of the vegetable product could not 
be detected. The addition of one and one—half teaspoonsful 
of these acids was noticeable. Cider vinegar and lemon 
juice in all concentrations imparted a “flat" taste to the 
products, 
3. The pH values after processing were determined. The 
addition of each half-teaspoonful of the four percent vinegar 
or citric acid solutions lowered by one-tenth the final pH 
value. 
4. A heat penetration study was made which showed that 
the greatest length of time for heat penetration in the non¬ 
acid vegetables during sterilization took place in spinach, 
with bean and carrots following in that order. 
5. With the addition of one and one-quarter teaspoonsful 
of either distilled vinegar or citric acid, it was found 
that the processing times of typical non-acid vegetables could 
be reduced 25 percent without spoilage occurring. Optimum 
spoilage conditions such as warm storage, were utilized in 
an effort to see whether the processing was sufficient. 
-30- 
Likewise, the respective jars were inoculated with a putre¬ 
factive anaerobic spore forming bacteria and a thermophilic 
spore former to assure a maximum contamination. 
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